To overcome the problems associated with using CROS amplification for patients with normal hearing in one ear, several reports (Chartrand, 1991; McSpaden, 1990; McSpaden & McSpaden, 1989; Miller, 1989; Sullivan, 1988) suggest another fitting strategy. This fitting requires coupling a high gain/high output, in-the-ear (ITE) or behind-the-ear (BTE) hearing aid to the unaidable ear, allowing the amplified signal to transfer to the cochlea of the good ear by bone conduction through the cranium. This fitting has been called "transcranial" or "internal CROS."
Reports by Chartrand (1991) , McSpaden (1990) , McSpaden and McSpaden (1989) , Miller (1989) , and Sullivan (1988) indicate that many listeners with unilateral hearing loss found transcranial CROS fittings provided a "more natural" sound than conventional CROS fittings, provided improved localization of a metallic sound from the aided side, and improved listening in noise when the signal was on the side of the impaired ear. In addition, patients did not report the harshness often associated with conventional CROS fittings.
The present study was initiated to determine if patients with unilateral hearing loss would find a transcranial CROS fitting preferable to a wireless CROS. If this is true, then the results could provide another fitting option for patients with unilateral hearing loss. Also reported is a new Eight subjects with unilateral hearing loss were fitted with wireless CROS and transcranial BTE CROS hearing aids. Results revealed that two subjects preferred the BTE transcranial CROS; four subjects preferred the wireless CROS; one subject found both hearing aid systems to be equally satisfactory; and one subject rejected both CROS fittings. In addition, a fitting strategy is introduced using probe microphone analysis to: (a) measure transcranial thresholds (TCT) in the unaidable ear in dB SPL measured near the eardrum, and (b) determine the sensation level of the real ear aided response (REAR-TCT) for uncorrected and corrected speech-weighted noise. The results highlight some of the difficulties associated with successfully fitting a transcranial CROS hearing aid. method using real-ear probe microphone measures for fitting transcranial CROS hearing aids.
Procedures

Subjects
Eight subjects were included in this study (six females; two males; mean age = 49.2 years; SD = 12.9 years). Seven subjects had unilateral hearing loss resulting from removal of an acoustic neuroma, while one subject reported hearing loss as a result of spinal meningitis. All eight subjects had normal hearing for air (250-8,000 Hz) and bone (250-4,000 Hz) conduction (±15 dB HL, re: ANSI, 1989) in the "good" ear and no measurable hearing within the limits of the audiometer (Grason-Stadler GS 16) for air and bone conduction in the unaidable ear. Table 1 summarizes the case histories of the eight subjects. As can be seen in Table  1 , six subjects had no prior experience with amplification, and two had experience with a BTE CROS that was not being used by either subject at the time of this study.
Hearing Aids
Each subject was fitted with two hearing aid systems. First, the unaidable ear was fit with a Phonak Audinet PP-C power BTE hearing aid (HF average SSPL 90 = 132 dB; HF average full-on gain = 67 dB; reference test gain = 55 dB; frequency range = 220-5,500 Hz). The tone control and output controls were adjusted to provide the broadest frequency response and greatest output. The broadest frequency response was selected because most patients reported the sound quality as "tinny" when the tone control was adjusted to provide a more restricted frequency response. The hearing aid was coupled to the unaidable ear using a lucite shell earmold with #13 tubing, a long bore, and a parallel pressure vent. During the fitting, the volume control was adjusted to full-on or to a point just below feedback. In most cases, the volume control could be rotated approximately 3/4 of its available rotation before feedback became audible to the clinician.
In addition, a Telex 28ACT wireless CROS hearing aid (HF average SSPL 90 = 102 dB; HF average full-on gain = 28 dB; reference test gain = 26 dB; frequency range = 300-4,400 Hz) was ordered for each subject. The 28ACT, which consists of two headworn instruments, features compression whose release time varies with the duration of the input signal (Teder, 1990 (Teder, , 1991 (Teder, , 1993 . A custom ITE with a helix style shell and IROS vent was placed in the good ear, and a BTE transmitter was placed over the unaidable ear.
After completing the fittings, the subject was instructed on the use and care of the hearing aids and used both hearing aid systems for 60 days. During the 60 days, subjects used each system for 30 days. In addition, subjects were asked to keep a daily diary of listening experiences and complete a questionnaire (see the appendix) assessing preferences between the two hearing aid systems by focusing on a specified set of listening situations and sound quality judgments. The final item in the questionnaire reported on the overall satisfaction between the two hearing aid systems. Each subject was asked to determine if the wireless CROS or transcranial CROS resulted in better performance (column 1 or 2), equivalent performance (column 3), or if neither system resulted in satisfactory performance (column 4).
Probe Microphone Measures
Transcranial CROS. Fitting the transcranial CROS required two steps. The first step involved measuring the absolute sound pressure levels (SPLs) at threshold (i.e., transcranial thresholds or TCTs) near the eardrum of the unaidable ear. The second step involved measuring the real-ear aided response (REAR) for a speech-weighted noise at input levels of 50, 70, and 80 dB (REAR 50 , REAR 70 , and REAR 80 ) with the hearing aid placed in the unaidable ear to determine if amplified speech was greater than the measured TCTs for each input level.
For the first step, a probe tube connected to an equalized probe microphone from a real ear analyzer (Frye 6500) was marked 30 mm from the tip and placed in the ear canal with the mark at the intertragal notch. This position would place the tip of the probe tube approximately 4-6 mm from the eardrum in the average adult ear (Dirks & Kincaid, 1987; Gilman & Dirks, 1986; Zemplenyi, Gilman & Dirks, 1985) . With the probe tube taped in place, an immittance tip was connected to the adaptor of an ER-3A and placed in the ear canal so that the lateral aspect was flush with the orifice of the ear canal. The ER-3A was connected to the output of an audiometer (GS-16) calibrated to ANSI S3.6-1989. Unmasked air conduction thresholds for continuous tones were measured in dB SPL at 500, 1,000, 1,500, 2,000, 3,000, and 4,000 Hz by the probe microphone and read directly from the video monitor of the Frye 6500 analyzer. The analyzer was set to "calibrate probe." The reference microphone was disabled. Because the subjects had no measurable hearing in the unaidable ear and normal hearing in the opposite ear, the unmasked thresholds represented the TCTs, which served as a baseline for determining if the measured REARs for inputs of 50, 70, and 80 dB SPL exceeded the TCTs.
The second step required measuring the REAR in the "bad" ear for input levels of 50, 70, and 80 dB SPL using speech-weighted noise. This signal consisted of 79 simultaneously presented pure tones, spaced at 100-Hz intervals between 200 and 8,000 Hz, and adjusted in phase to produce a crest factor of 12 dB. A fast Fourier transform (FFT) analysis provided amplitude data at each 100-Hz interval. The curve-smoothing function of the real-ear analyzer was set to log. The subject faced a loudspeaker placed at ear level (Radio Shack Minimus 3.5) at a distance of 12 inches from the surface of the head. The probe microphone was in the same position described earlier. The Phonak Audinet PP-C was placed over the aided ear, and the volume control was adjusted to a position just below feedback. For this study, the REAR was recorded at 500, 1,000, 1,500, 2,000, 3,000, and 4,000 Hz for each input level.
CROS. When verifying the fit of the wireless CROS, the procedures outlined by Tecca (1994) for measuring the overall benefit from CROS amplification were followed. With this method, the reference microphone was placed over the unaidable ear, and the probe tube was placed in the ear canal of the good ear 4-6 mm from the eardrum. Conventional probe microphone measures (i.e., real ear unaided response [REUR] , real ear aided response [REAR] and real ear insertion response [REIR] were obtained with the subject facing a loudspeaker at a distance of 12 inches from the surface of the head. Table 2 reports the mean, standard deviation (SD), and range of the TCTs, measured in dB SPL, in the "bad" ear.
Results and Discussion
Transcranial CROS
The mean value ranged from 80.0 dB at 2,000 Hz to 95.7 dB at 500 Hz. The intersubject differences at any frequency ranged from 19 dB at 1,500 Hz to 37 dB at 500 Hz. These results revealed considerable differences in the magnitude of the TCT across subjects. Although not used in this study, another way to measure TCTs would be to attach the insert earphone plastic coupling adapter to the tubing of the individual earmold (Moodie, Seewald & Sinclair, 1994, p. 24) . TCTs were measured on eight subjects with the ER-3A coupled to the immittance probe and the individual earmold with the pressure vent plugged with putty. Table 3 reports that the mean difference (earmold minus probe tip methods) between the two methods of coupling the ER-3A to the ear canal were 1.7, 1.2, 0.9, 1.7, -1.5 and -4.6 dB at 500, 1,000, 1,500, 2,000, 3,000, and 4,000 Hz, respectively. This finding indicates that, on average, similar results are to be expected whether the probe tip or the earmold is attached to the ER-3A. However, for any individual, the difference can be as large Cox and Moore (1988) (+) Speech spectrum greater than speech-weighted noise from Frye 6500 and added to REAR in Table 2 (-) Speech spectrum less than speech-weighted noise from Frye 6500 and subtracted from REAR in Table 2 as 8 dB at any frequency (500 Hz for subject 1; 3,000 Hz for subject 4). Table 3 also indicates that for half the measurements, the SPL was greater using the earmold method, while for the other half, the SPL was greater for the probe tip method. These findings suggest that perhaps slightly greater accuracy can be achieved if measurements are made using the individual earmold of the subject. Table 2 also reports the mean, SD, and range of the measured REAR and the resulting mean transcranial sensation level (REAR-TCT) at each of the three input levels. Figure 1 illustrates the mean SPL for the measured TCT and the mean REAR for the three input levels. In viewing Figure 1 , it is apparent that at 500 Hz and 4,000 Hz, the REAR is below TCT for 50 dB and 70 dB and slightly above TCT for 80 dB. Further, it is apparent from Figure 1 that the frequency region between 1,000 and 3,000 Hz provided the greatest sensation level for input levels between 70 and 80 dB. 
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The information provided in Table 2 and Figure 1 represents the measured REAR at 50, 70, and 80 dB when using the speech-weighted noise generated by the Frye 6500. However, the spectrum of the speech-weighted noise is slightly different from the spectrum for average conversational speech (Cox & Moore, 1988) .
To measure this difference, the reference microphone was placed over the pinna adjacent to where the microphone of the hearing aid would be positioned. The tip of the probe microphone was then placed in the center of the grill of the reference microphone using the calibration clip provided by the manufacturer. The sound field leveling procedure was performed, and the reference microphone was then deactivated. The speech-weighted noise was introduced at overall levels of 50, 70, and 80 dB. The SPL was measured at the six octave and mid-octave frequencies between 500-4,000 Hz. Rows 5, 10, and 18 in Table 4 , and the filled symbols in Figure 2 , report the measured SPLs of the Frye speech-weighted noise presented at overall levels of 50, 70, and 80 dB.
As can be seen in row 11 of Table 4 , the difference between the speech-weighted noise at 70 dB and the speech spectrum reported by Cox and Moore (1988) for 70 dB was 5 dB or less at 500-4,000 Hz. When average head diffraction effects (Bentler & Pavlovic, 1989) were added (row 12) to the Cox and Moore (1988) data, the difference ranged from 3.3 to 6.2 dB (row 13 and the unfilled square in Figure 2 ). This suggests that the initial REAR 70 (Table  2) was approximately 3-6 dB less than might have been measured if the speech-weighted noise more closely represented average conversational speech.
Another point to consider is that the speech-weighted noise maintains the same spectral shape as the intensity level is increased from 50-80 dB (see the filled symbols in Figure 2 and rows 5, 10, and 18 in Table 4 ). However, Pearsons, Bennett, and Fidell (1976) report that the shape of the speech spectrum changes as a function of vocal effort. That is, as vocal effort increases from "casual" to "shout" (i.e., greater overall level) the spectrum changes from having a peak at approximately 500 Hz for "casual" speech to having a peak at approximately 1,600 Hz when vocal effort is increased for "shouting."
The authors calculated the difference between the SPL for speech-weighted noise presented at 50 and 80 dB and the spectra for "casual" and "shouted" speech corrected to overall input levels of 50 and 80 dB. Row 3 of Table 4 provides the mean speech spectrum averaged across male and female talkers for "casual" speech (Pearsons et al., 1976) . A -1 dB correction was applied (row 4) to correct the mean overall level (51 dB) reported by Pearsons et al. (1976) to an overall level of 50 dB. The difference between the speech-weighted noise presented at 50 dB (row 5) and the speech spectrum of "casual" speech reported by Pearsons et al. (1976) after corrections were applied for differences in overall level (row 4) and head diffraction effects (row 7) are reported in row 8. These calculations reveal that the SPL for "casual" speech may be 3.3 to 11.7 dB greater than the SPL provided by the speech-weighted noise presented at 50 dB.
Row 16 of Table 4 provides the mean speech spectrum averaged across male and female talkers for "shouted" speech (Pearsons et al., 1976) . A -6 dB correction was applied (row 17) to correct the mean overall level (86 dB) reported by Pearsons et al. (1976) to an overall level of 80 dB. The difference between the speech-weighted noise presented at 80 dB (row 18) and the speech spectrum of "shouted" speech reported by Pearsons et al. (1976) after corrections were applied for differences in overall level (row 17) and head diffraction effects (row 20) are reported in row 21. It can be seen from row 21 that the SPL for "shouted" speech may be 2.8 to 11.5 dB different from the SPL provided by the speech-weighted noise presented at 80 dB.
The corrections reported in rows 8, 13, and 21 of Table  4 were applied to the REAR 50 , REAR 70 , and REAR 80 data appearing in Table 2 . A positive (+) value indicates the correction was added to the measured REAR 50 , REAR 70 , or REAR 80 in Table 2 , whereas a negative (-) value indicates the correction was subtracted from the measured REAR 50 , REAR 70 , or REAR 80 in Table 2 . Table 5 and Figure 3 report that the "corrected" REAR resulted in improved sensation levels (REAR-TCT) for the three input levels, with the exception of REAR 80 at 500 Hz.
It is apparent from the data appearing in Tables 4 and 5 that fitting strategies using REAR measures need to consider the spectrum of the signal being used to make the measures in comparison to the spectrum of speech at a variety of intensity levels. A potential improvement to realear analyzers would be to provide stimuli that are more representative of the speech spectrum for the range of input levels that are typical in everyday listening. Such an improvement could enhance the face validity of REAR measures in predicting "real-life" performance.
Another point to consider is that the audiometric configuration for the unmasked unaided ears was similar to that for a moderate-to-severe hearing loss (mean TCTs may be a key indicator for prognosis of success with transcranial fittings, as was originally suggested by Sullivan (1988) .
Conventional CROS
For every subject, the conventional REAR measurement revealed peak gain around 1,500 Hz followed by a gradual decrease in gain. It is therefore understandable why subjects with normal hearing in the aided ear might report the quality of sound provided by this wireless CROS as "tinny" or "unpleasant." However, five of the eight patients were sufficiently satisfied with the benefit provided by the Telex 28ACT that they purchased the aid. Courtois et al. (1988) , Harford (1969) , Harford and Barry (1965) , Harford and Dodds (1966), and Punch (1988) suggested that success with CROS amplification would diminish if subjects had normal hearing in the aided ear. This was not found to be true in this study.
Overall Success
After the 60-day trial, two of the eight subjects purchased the transcranial CROS, one subject purchased both systems, one subject reported neither system beneficial, and the remaining four subjects purchased the wireless CROS. The individual responses to the questionnaire appear in the appendix. Not all subjects responded to every question; therefore, some questions produced fewer than eight responses. The five subjects rejecting the transcranial CROS reported problems related either to feedback, a sensation of vibration, and/or obtaining minimal benefit. The three subjects purchasing the transcranial CROS found the fitting to provide (a) a more "natural sound," (b) improved localization via cues from a "metallic" sound from the aided side, and (c) improved listening in noise when the signal was on the side of the aided ear.
As an aside, from the information gathered by the diaries and questionnaires, it is interesting that every subject wanted the transcranial CROS fitting to be successful for four reasons. First, the transcranial CROS was less expensive. Second, it requires maintaining one hearing aid instead of two. Third, it requires one battery instead of two. Finally, using the telephone was easier because the good ear remained unoccluded, whereas, when using the conventional CROS, the ITE in the good ear resulted in significant dissatisfaction from many subjects. In spite of the reasons for wanting the transcranial CROS to succeed, only three subjects purchased the transcranial CROS. The presence of feedback resulted in reducing the volume control setting and therefore prevented achieving sufficient output to allow the amplified signal to be perceived as beneficial. The problems related to feedback are currently being addressed in a follow-up study by using different earmold designs/materials that are reportedly more effective in reducing feedback than the lucite shell earmold used in this study. The authors are also studying the possible application of digital feedback suppression, which has recently become available from one manufacturer. Reportedly, this technology can increase usable gain by 10-15 dB (Dyrlund & Bisgaard, 1991) .
ranged from 61 to 88 dB HL across frequency). Therefore, the problems associated with fitting a transcranial CROS are very similar to the problems associated with fitting a conventional instrument to a moderate-to-severe hearing loss. That is, a challenge lies in providing sufficient gain in as wide a frequency band as possible, before feedback, to allow speech to be audible and comfortably loud. Moreover, greater difficulties could be encountered for subjects with unilateral hearing loss because, unlike the subject with severe bilateral hearing loss, the unilateral population has one ear capable of receiving speech cues at normal sensation levels. Thus, providing sufficient gain to the unaidable ear to allow the subject to perceive benefit could be quite a challenge when fitting transcranial CROS. Interestingly, two patients having a strong preference for the transcranial CROS have the lowest TCT at all frequencies and the greatest sensation level for the amplified signal. It is possible that measuring the TCT
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Conclusion
The primary goal of this study was to determine if transcranial CROS could be a potential fitting option for patients with normal hearing in one ear and no measurable hearing in the opposite ear. The results revealed that three of the eight subjects found transcranial CROS to be beneficial. More important, the results revealed that no single recommendation typically suggested for this population (wireless CROS, transcranial CROS, or no amplification) was satisfactory for all the subjects even though the hearing loss was very homogeneous. This finding once again points to the difficulty in predicting individual preferences. That is, only one subject decided not to pursue amplification after having the opportunity to experience both hearing aid systems, while the remaining patients decided to pursue transcranial and/or wireless CROS. The results of this study support the idea that for some patients with unilateral hearing loss, a wireless CROS having a narrow bandwidth and limited flexibility in modifying the frequency-gain response may not be as beneficial as a transcranial CROS.
